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I?evelopmnt sf Ni-Cr-Al Alloys 

i0m: 

High Temperature Tubing Applications 

Abstract  

Tensile t e s t  results are presented f o r  as received 

s t r i p  material aged wl.thrrut prior solution anneal 

and s t r i p  m a t e r i d  after helFarc weLdfng or braztng 

wfCh a nickel-silicon-bor~c material., The welded 

samples w r a  processed ir, two gro;zi)s, One group of 

SaDIpl.CS WFfS aged priQ%. %O W3ldiEgq While the SeCol.,d 

group was aged a i te r  tJslc?ing. 



This report was prepared by New England bbterials 

Laborrrtory Inca under Contract No. NAS 8-5085 

"Development of N1-Cr-Ah Alloys for High Texpera- 

ture Tubing Applicationsst for the George C, Marshall 

Space Flight Center of the National Aeronautics and 

Space PdrirLnistration, This work wi?s administered 

under the direction of the Propulsion and Vehicle 

Engineering Division Ehgineerfng 1"fateriaI.s Branch 

of the George G o  Harshall Space Flight Center with 

W, B ,  McPherson acting as project mnager. 



INTRODUCTION 

The N i - G r - k l  alloy systems offer considerable promise for t h e  devef- 

opment of elevated temperature materials with high strength, In the 

high Cr-high A 1  compositions, they may find w e  as bearings and tnohs 

and i n  the Lower Cr-A1  range as oxidation resistant skeet, 

the course OL t h i s  program, the N i - C r - P J .  a l l o y  systems w i l l  be studied 

to develop an alloy with high strength, good fomabil i ty  and brazing 

characteristics f o r  high tenperature tubing applications 

During 



Of t h r e  Ixrazing al-loys investigated f o r  ccmpatibdlity with b?i.-Cz-:,L 

a l l o y s ,  only fiS4778, a nic1~19sil-icon~boron aatexial:  e f f e c t i v e l y  

xi-t the n i c : ~ l - c h s c ~ ~ u r u - ~ ~ ~ ~ n ~  al loys 

conducted with this braze and HM32, the alloy selected for tubing, 

did not result in any detrinental effects GS examined by metal3ograpiay 

or hardness measuremnts. 

Further heat treatnent 
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2000" I.' are shc-rn in Table PV, In general, ;-.he a l l o y s  had h2gher 

tensile strengths and lower ductilities up to 1508" F as compared 

to the case wher? the s t r i p  material is solution treated p r i o r  r&o 

aging. 

properties when t he  s t r i p  is aged with or vi thout  a prior solution 

anneal 0 

Above 1500" F ,  there was no significant difference in a l l o y  

AfIoy HFB2 has previously h e n  selected for tke preparation sf 

tubingo 

through preliminary breakdown procedures 

progress towards producing tubing- 

I,dditional material has been vacuum melted and processed 

Experiments are now in 
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